Abstract. Acquired resistance to cisplatin (CDDP) is an issue in cancer chemotherapy. This resistance has been reported to be correlated with the expression of the Cu influx copper transporter 1 (CTR1) and two copper efflux transporters (ATP7A, ATP7B). We investigated the correlation between the expression of these transporters and the sensitivity to CDDP using three pairs of parent cell lines and resistant cell lines derived from various types of invasive oral squamous cell carcinoma (OSCC). Using multiple steps, each of the CDDPresistant cell lines, HSC-4-R, OSC-19-R, HOC313-R, was selected from HSC-4 cells derived from a cancer with medium invasiveness, OSC-19 cells derived from a cancer with high invasiveness and HOC313 cells derived from a cancer with the highest invasiveness. Resistant cell lines had a stronger expression of ATP7B in conjunction with the acquisition of CDDP-resistance than parent cell lines. Furthermore, OSC-19-R cells transfected with the ATP7B siRNA had a 10.6-fold higher sensitivity to CDDP compared to OSC-19-R cells transfected with a nonsense siRNA. These results suggest that each of the resistant cell lines had acquired resistance to CDDP due to the overexpression of ATP7B. On the other hand, the expression of CTR1 was the same between sensitive cell lines and resistant cell lines and ATP7A mRNA expression was barely noted. We conclude that ATP7B is correlated with the acquisition of CDDP resistance more closely than either CTR1 or ATP7A. ATP7B may be a key determinant in the acquired resistance to CDDP in OSCC.
Introduction
Oral squamous cell carcinoma (OSCC) is the most common histologic subtype of oral malignancy. Cisplatin (CDDP) and other platinum compounds are the most clinically effective chemotherapeutic agents used for the treatment of OSCC. Acquired resistance to CDDP is an issue in cancer chemotherapy (1, 2) . Although the administration of CDDP before and after surgery improves the prognosis of patients with OSCC, the 5-year survival rates are still not satisfactory (1, 3) .
Further knowledge on the mechanism of drug sensitivity and resistance may lead to new strategies that would avoid resistance to chemotherapy and the side-effects of chemotherapy. The main mechanisms that lead to clinical resistance to CDDP have not been well defined (4, 5) . Currently, acquired resistance to CDDP is believed to be multifactorial and involves reduced accumulation, increased cytoplasmic detoxification and an increase in repair of damaged DNA. However, impaired accumulation of the drug is the most commonly observed difference between resistant cells and the drug-sensitive cells from which they were derived (5-7). It has been reported that the transporter by which CDDP enters or exits from cells includes human copper transporter 1 (CTR1) for the intake and two copper export transporters, ATP7A and ATP7B (8) (9) (10) (11) (12) (13) (14) . To date, strong evidence has been collected that these transporters regulate the sensitivity to platinumcontaining drugs and control their accumulation levels; however, there is no general agreement as to which transporter is the most responsible (8) .
A direct link between copper transporters and CDDP resistance has been demonstrated by Komatsu et al (12) , who found that prostrate cancer cells resistant to CDDP expressed an increased level of ATP7B, which has been reported to effect the efflux of CDDP in the trans-Golgi network and that the cells transfected with ATP7B are resistant to both copper and CDDP. Increased levels of ATP7B mRNA or protein have been found in several major human malignancies, including ovarian cancer, gastric carcinoma, breast cancer and OSCC (2, 8, (11) (12) (13) (14) . Research has also suggested that a high ATP7B expression level in OSCC was associated with an unfavorable clinical outcome in patients treated with CDDP-based chemotherapy (1) .
To understand the clinically relevant mechanisms of cellular sensitivity to CDDP and to help develop new treatments for carcinomas with acquired CDDP resistance, we examined the biochemical and molecular alterations of transporter expression in the parent and resistant cell lines derived from various invasive OSCCs.
Materials and methods
Drugs. CDDP was generously provided by Nippon Kayaku (Tokyo, Japan) and stored as a 0.5 mg/ml stock solution in 0.9% NaCl at room temperature with light shielding.
Cell culture and cell lines. OSCC parent cell lines, HSC-4, OSC-19 and HOC313 and their CDDP-resistant cell lines, HSC-4-R, OSC-19-R and HOC313-R on 100-mm plate, were maintained at 37˚C in a humidified incubator containing 5% CO 2 in a minimal essential medium (MEM) (Sigma-Aldrich, Ayrshire, UK) supplemented with 10% fetal bovine serum and 1% penicillin-streptomycin. The cell lines were derived from OSCCs with the following grades of invasiveness, HSC-4 from a mildly invasive type; OSC-19 from a highly invasive type; and HOC313 from the most highly invasive type (15) .
Establishment of CDDP-resistant cell lines. CDDP was then added to the medium with increasing concentrations. CDDPresistant variants of the cell lines were isolated using stepwise selection by increasing the CDDP concentrations, starting with the dose required to reduce the surviving fraction to 10% of the initial fraction for each cell line (IC 90 ). When the cells became confluent in the medium containing CDDP, the drug concentration was increased to 2 x IC 90 , 3 x IC 90 , 5 x IC 90 and finally 10 x IC 90 , which was the maximal concentration used. The cells were continuously exposed for 4 to 8 weeks to each drug concentration. During continuous exposure to CDDP, the culture medium was replaced with a freshly prepared medium containing CDDP at indicated concentrations every 3 days. Subculture was continued once a week and took 30 weeks to make all the resistant cell lines. In the present experiment, we did not use any mutagens.
Determination of drug sensitivity. The sensitivity of the cells to the drugs was assessed using an 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt (MTS) colorimetric assay as follows. Exponentially growing cells (3x10 3 /well in 100 μl of MEM) were seeded in 96-well plates. The cells were immediately mixed with 100 μl of MEM containing 0.42-83 μM CDDP, which was a concentration equivalent to 0.05-10 x peak plasma concentration (PPC) based on acute animal toxicology data; the cells were then incubated for 3 days. After 3 days of culture, 20 μl of CellTiter 96 AQueous One Solution (Promega, Madison, WI, USA) was added and after 1 h, the absorbance in each well was measured at 490 nm using a model 680 spectrophotometer (Bio-Rad, Hercules, CA, USA). The IC 50 was measured as the concentration of the compound that reduced the number of cells to 50% of that in the control medium.
RNA extraction and reverse transcriptase-polymerase chain reaction (RT-PCR).
RNA was extracted from 80% confluent cultured parent and resistant cell lines using an RNeasy Kit (Qiagen). A 1 μg sample in 10 μl of RNase free water was incubated for 5 min at 60˚C and then quickly chilled on ice for 5 min. The RNA samples were reverse-transcribed into firststrand cDNA at 40˚C for 40 min in RT solution. The cDNA samples were amplified by the following primers (5, 14, 16) : for the CTR1, 5'-agc tat atg gac tcc aac ag-3' (forward) and 5'-cgt tgt agg tca tga aga tg-3' (reverse); for ATP7A, 5'-gcc tgc gta cgt gga ttt at-3' (forward) and 5'-tca atg gtc caa aca cag ga-3' (reverse); for ATP7B, 5'-tcc tgg tgg cta ttg acg gtg t-3' (forward) and 5'-cat tca ggc gca gag acc act t-3' (reverse); and for ß-actin, 5'-gaa aat ctg gca cca cac ctt-3' (forward) and 5'-ttg aag gta gtt tcg tgg at-3' (reverse). PCRs were carried out under the following conditions: 3 min at 94˚C, followed by cycles (26 for CTR1, 40 for ATP7A, 34 for ATP7B and 20 for ß-actin) of 1 min at 94˚C, 1 min at 54˚C and 1 min at 72˚C. All reactions were completed with a final incubation at 72˚C for 10 min. The lengths of the amplified fragments for CTR1, ATP7A, ATP7B and ß-actin genes were 445, 156, 883 and 592 bp, respectively. PCR products were detected using 1.5% agarose gel electrophoresis and staining with ethidium bromide. The mRNA levels of CTR1, ATP7A and ATP7B were analyzed by RT-PCR and were normalized by the ß-actin signal.
Western blot analysis. Parent and resistant cells on each of 80% confluent plates were used as protein samples. The protein samples (50 μg) that were extracted from the whole cellular structure using M-PER Mammalian protein extraction reagent (Pierce, Rockford, IL, USA) were heated at 95˚C for 5 min before electrophoresis and then subjected to 10% SDS-PAGE. After electrophoresis, the samples were transferred onto PVDF membranes (ATTO Co, Tokyo, Japan) and incubated for 1 h with 200-fold diluted polyclonal anti-rabbit antibody against ATP7B (Novus, Littleton, CO, USA) and 5000-fold diluted polyclonal anti-mouse antibody ß-actin (Sigma, St. Louis, MO, USA) respectively. The membrane was washed three times with PBS and then incubated for 1 h with 2000-fold diluted horseradish peroxidase-conjugated anti- Table I . Sensitivity of OSCC lines after 72 h of CDDP exposure.
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rabbit IgG (Amersham, Little Chalfont, Buckinghamshire, England) to detect ATP7B and 2000-fold diluted horseradish peroxidase-conjugated anti-mouse IgG (Amersham) to detect ß-actin, respectively. The blots were revealed by enhanced chemiluminescent detection carried out according to the manufacturer's instructions.
siRNA transfection. siRNA transfection was done as described previously by Nozaki et al (16) . Two oligoribonucleotides (5'-AAUUGAUAUUGAGCGGUUA-3' and 5'-UAACCGGU CAAUAUCAAUU-3') were used to inhibit ATP7B synthesis (Qiagen). As a control, we used two nonsense siRNA oligoribonucleotides: 5'-UUCUCCGAACGUGUCACGU-3' and 5'-AUGUGACACGUUCGGAGAA-3'. The cells were transfected with the oligoribonucleotides using Hyperfect Transfection Reagent (Qiagen). The transfection was done for 48 h on subconfluent cells, with a final siRNA concentration of 5 nM. In each experiment, a series of cells were used for RT-PCR to evaluate ATP7B inhibition.
Statistics.
Results are representative of at least three experiments. The statistical significance of the differences between groups was evaluated using a single two-tailed Student's t-test.
Results

Sensitivity of OSCC cell lines to CDDP.
The IC 50 of the CDDP for each cell line was determined using a colorimetric MTS assay (Table I) . Fold resistance was determined by dividing the IC 50 value of the CDDP for resistant cells by that of the parent cells. CDDP-resistant cell lines HSC-4-R, OSC-19-R, HOC313-R were 2.4-, 5.0-, and 7.3-fold more resistant than the parental cells, respectively. There was a significant association at each IC 50 value between all pairs of the parent and resistant cell lines.
The levels of CTR1, ATP7A and ATP7B mRNA in the three pairs of parent-and resistant-cell lines by RT-PCR. CTR1
was slightly decreased in resistant cells such as HSC-4-R and HOC313-R (Fig. 1) . In addition, though these cell lines expressed little ATP7A mRNA, the expression of ATP7A and ATP7B was apparently elevated in resistant cells. Based on these results ATP7B most strongly changed between parent and resistant cell lines. The expression of ATP7B of CDDP resistant cell lines HSC-4-R, OSC-19-R, HO313-R were 6.5-, 9.9-and 1.8-fold more than that of parent cell lines (Fig. 1) .
Compared to the parent cell line, the expression of ATP7B in HOC313 cells was higher than in HSC-4 and OSC-19 cells.
Expression of ATP7B protein.
The level of ATP7B protein expression was examined using the Western blotting method (Fig. 2) . The expression of ATP7B protein was stronger in resistant cell lines than in parent cell lines. Furthermore, cell lines, such as OSC-19 and HOC313, which had a high acquired resistance to CDDP, exhibited greater expression of ATP7B protein in the process of acquiring CDDP-resistance than cell lines, such as HSC-4, that had low acquired resistance to CDDP. The protein level of ATP7B in HSC-4 is the highest, whereas it is the most CDDP-sensitive cell line (Fig. 2) .
CDDP sensitivity of OSC-19-R cells with siRNA-silenced ATP7B. Next, we examined the effect of reducing the expression of ATP7B mRNA in OSC-19-R cells using siRNA.
The reason why we used OSC-19-R in this procedure is that it exhibited the strongest expression of ATP7B protein and mRNA level in the process of acquiring CDDP-resistance than other cell lines. RT-PCR showed that the level of ATP7B mRNA was 90% lower in OSC-19-R cells transfected with the ATP7B siRNAs than in OSC-19-R cells transfected with a nonsense siRNA (Fig. 3) . The sensitivity to CDDP of the transfected cells was assessed using the MTS colorimetric assay as identified above. The IC 50 (3.8 μM) of the OSC-19-R cells transfected with the ATP7B siRNA had significantly 10.6-fold higher sensitivity to CDDP compared to the IC 50 (40.1 μM) of the OSC-19-R cells transfected with a nonsense siRNA (Fig. 4) .
Discussion
In the current experiments, we showed that compared to parent cell lines, resistant cell lines exhibited a 2.4 to 7.3-fold resistance to CDDP and had a stronger expression of ATP7B than the expression of other transporters when they acquired CDDP resistance. Furthermore, the IC 50 of OSC-19-R cells transfected with the ATP7B siRNA had 10.6-fold higher sensitivity to CDDP compared to OSC-19-R cells transfected with a nonsense siRNA. This is the first study to report that repression of ATP7B with siRNA raises the sensitization effects to CDDP in acquired CDDP-resistant cell lines. These results suggest that each of the resistant cell lines acquired resistance to CDDP due to overexpression of ATP7B, which resulted in a greater efflux of CDDP. However, these in vitro results cannot be directly applied in vivo, since, in clinical practice, changes in the sensitivity of cells to chemotherapeutic agents are mediated by a variety of biotransformations. The protein level of ATP7B in HSC-4 is the highest, whereas it is the most CDDP-sensitive cell line (Fig. 2) . This discrepancy could be explained by not only the expression of strength and weakness of ATP7B protein on Western blotting, but that the modification including methylation may go on activating ATP7B as efflux transporter of CDDP in vivo.
The discovery of the multidrug resistance (MDR) transporter that was produced from the ATP-binding cassette (ABC) gene opened a new avenue for understanding the origins of drug resistance (17) . It is now well established that multidrug resistant proteins (MRP) play an important role in the tumor cell drug resistance in vitro and in vivo (17) . It was recently reported that MRP2 (multidrug resistance protein 2), also known as the canalicular multispecific organ anion transporter (cMOAT), is overexpressed in a number of CDDPresistant cell lines (18) (19) (20) . However, in vitro data suggest that MRP2 acts as a drug efflux pump and there is no evidence that it is involved in the drug resistance clinically seen in oral cancer patients. We did not find that MRP2 mRNA was expressed in OSCC cell lines using RT-PCR (data not shown). Our results suggest that the copper transporter ATP7B, which is a member of the heavy metal-transporting, P-type ATPases and which includes the ATP-binding domain of the transmembrane segment, plays a more important role than other transporters in the influx and efflux of CDDP.
Activation of NF-κB has been shown to induce resistance through the expression of the MDR1 gene (21) . Furthermore, the inhibition of NF-κB has been shown to increase the potency of CDDP both in vitro and in vivo (22) . Transcriptional factors, including NF-κB, may control the CDDP pathway by promoting not only MDR1 but also the expression of ATP7B, which belongs to the same ABC transporter family as MDR1. Furthermore, there are studies dealing with in vitro/in vivo models of mammary carcinoma that have reported that NF-κB was essential for both the induction and the maintenance of the epithelial-to-mesenchymal transition (EMT) and invasion (23) (24) (25) . In this connection, it was reported that EMT reflects an important process by which colorectal cancer cells may potentially acquire chemoresistance to platinum compounds (26) . The HOC313 cell lines showed characteristics of EMT, including spindle-cell shape, loss of polarity, intercellular separation, decreased expression of the epithelial adhesion molecule E-cadherin and increased expression of vimentin as a mesenchymal marker on RT-PCR; other invasive grade cell lines did not show these characteristics (data not shown) (27) . Therefore, HOC313 cells that acquired a high resistance to CDDP appeared to have the characteristics of EMT that were similar to colorectal cancer cells.
In conclusion, methods targeting the transcriptional element NF-κB and ATP7B could be useful complementary therapies for reducing the invasiveness of OSCCs and CDDP resistance.
